This study is aimed to evaluate the effectiveness of osteopathic manipulative treatment (OMT) in dysphagia symptoms and aspiration risk. This is a clinical case report on a 40-day-old infant with a diagnosis of oesophageal atresia and tracheo-oesophageal fistula. The patient received one OMT every 15 days for 7 times. The clinical outcome was the clinical changes in dysphagia symptoms assessed by the Paediatric Eating Assessment Tool-10 (PEDI-EAT-10). At the first osteopathic evaluation (T0), the total score of the PEDI-EAT-10 was 7, at the fourth osteopathic evaluation (T1), the total score was 3, and at the seventh osteopathic evaluation (T2), the total score was 1. OMT was effective and safe in reducing dysphagia symptoms and aspiration risk.
Introduction
Oesophageal atresia (OA) with distal or proximal tracheo-oesophageal fistula (TOF) is a congenital malformation of the continuity of the oesophageal lumen with abnormal communication between the oesophagus and trachea [1] . The incidence is around 1:2,400/4,500 newborns [2] .
The thoracoscopic technique is the current gold standard intervention to correct OA/TOF, with a survival rate of at least 90% [3] . Despite the effectiveness of this surgical procedure [4] , there are lifelong clinical complications [5] [6] [7] , such as recurrent respiratory infections, musculoskeletal asymmetry, neurodevelopmental delay, anastomotic stricture, gastro-oesophageal reflux disorders, oesophagitis and Barrett's oesophagus, swallowing difficulties, tracheomalacia, and dysphagia [3, 8] .
OA, with or without TOF, can be diagnosed as an isolated malformation or as a part of a polymalformative syndrome with possible vertebral anomalies [9] . Several studies have shown that OA/TOF patients have a higher risk of scoliosis [10] . Operative techniques for the initial OA/TOF repair [11] , as well as the presence of vertebral malformations, may lead to the development of scoliosis, but their respective role is still unclear.
Feeding problems, which occur in 79% of infants [12] , increase the risk of airway aspiration and might be responsible for chronic respiratory morbidity, such as recurrent pneumonia, asthma, and bronchiolitis [13] .
A body of evidence underlined the lack of a systematic treatment of nutritional complications related with OA/TOF [2] and the need for a multidisciplinary approach [14, 15] . A recent study drafted a rehabilitation protocol on swallowing function, including hyolaryngeal mobilization [16] , which is a specific manual approach [17] .
Osteopathic manipulative treatment (OMT) is described by the National Institutes of Health as a complementary and alternative medicine that involves a manual approach for the evaluation and treatment. OMT is aimed to improve the functionality of the skeletal, arthrodial, visceral and myofascial structures and their related vascular, lymphatic and neural elements altered by somatic dysfunctions (ICD-10-CM diagnosis code M99.00-09) [18, 19] . Moreover, a recent systematic review described OMT as a safe procedure for infants because of the absence of adverse events [20] .
There is no evidence about the role of OMT in the treatment of infants with OA/TOF, only a review shows the effectiveness of OMT in the treatment of feeding dysfunctions [21] .
This case report describes the effectiveness of OMT on dysphagia symptoms in a newborn with OA/TOF.
Case Report
The patient underwent the first osteopathic consultation 40 days after birth at the Centro di Medicina Osteopatica (Milan, Italy). His mother reported great difficulties in bottle-feeding, like choking when eating and vomiting after feeding, despite maintaining a standing position for at least 30 min, as suggested when the baby was discharged by the hospital. The infant was also described by his parents as often irritable with worsening barking cough and expiratory stridor, struggling to fall asleep.
The patient was a male 40-day-old Caucasian infant with a diagnosis of OA with distal TOF; type C Gross classification [8] .
He was born in the 40th week (eutocic labour) with a birth weight of 3,310 g, and his APGAR score was 9/10 both at the 1st and 5th min. Six hours after birth the infant manifested respiratory distress, therefore he underwent 3 chest X-ray examinations, bronchoscopy, physical examination, and echocardiography. Moreover, the abdominal ultrasonography revealed a solitary kidney and mild tracheomalacia.
His mother was a 38-year-old Caucasian woman pregnant for the third time, not exposed to smoke or alcohol [22] , with no history of genetic/congenital disorders [23] ; his father was a 44-year-old Caucasian man with no genetic disorders [24] .
Thoracoscopic surgery and the ligation of TOF were carried out on day 2. The patient started being fed at the 20th day and was discharged at the 30th day after birth with a daily dosage of 8 mg omeprazole. The gastroenterologist gave some feeding advice, such as the positioning during feeding and an infant-specific formula for reflux.
According to guidelines from the International Network of Oesophageal Atresia [2] , three monthly endoscopies were scheduled for the evaluation and treatment of anastomotic stricture. Dilation with a pneumatic balloon occurred twice, in the 3rd and 6th month after birth, achieving an oesophageal diameter of 14 mm.
The osteopathic evaluation was carried out by an osteopath with more than 10 years of paediatric clinical experience. It revealed diaphragmatic movement restriction, chest and rib stiffness, right-bending of the trunk, hypomobility of the tracheal cartilages and hyoid bone in elevation, while the normal range of motion was preserved for what concerns the shoulder girdles. A somatic dysfunction was found at the cervical spinal segment. The cranial rhythmic impulse was ranked as a low rate (4 cycles per min; cpm) and the underlying cranial strain dysfunction was a compression [25, 26] . The patient underwent one OMT every 15 days for 7 times.
More specifically, since the clear presence of a cervical somatic dysfunction, the sequence of osteopathic treatments was mainly addressed to improve the movement of the ribs, the diaphragm, and cervical structures, such as the tracheal cartilages and the supra-and infrahyoid muscles [17, 27] . In accordance with the osteopathic scientific literature in the paediatric field [27, 28] , fascial release, balanced ligamentous/membranous tension, indirect fluidic techniques, V-spread and specific visceral assessment and techniques were included in the osteopathic sessions, in relation to the found palpatory findings.
The dysphagia symptoms were evaluated at the first treatment (T0), at the 4th treatment (T1), and finally at the 7th treatment (T2) by the Paediatric Version of the Eating Assessment Tool-10 (PEDI-EAT-10) in Italian (Fig. 1) [29] .
This clinical self-administered questionnaire is characterized by 10 items designed to predict the risk of aspiration in children with OA. Respondents specify their level of impairment on a 5-point scale ranging from no difficulty (0 points) to severe difficulty (4 points). A total score (calculated as the sum of all the answers) of 3 or more is abnormal [30, 31] .
In order to assess the effectiveness of OMT, the PEDI-EAT-10 was considered as suitable to study clinical changes in dysphagia symptoms [31] .
At the first visit (T0), the PEDI-EAT-10 total score was 7. More specifically, the patient scored 1 point for item 1 ("my child does not gain weight due to his/her swallowing problem") and item 3 ("swallowing liquids takes extra effort for my child"), 2 points for item 2 ("swallowing problem of my child interferes with our ability to go out for meals"), and 3 points for item 8 ("food sticks in my child's throat and my child chokes while eating") ( Fig. 2) .
At T1, the total score was 3: items 2 and 3 decreased to 0, item 8 decreased to 2, but no changes were recorded for what concerns item 1.
At T2, the total score was 1: all the items were equal to 0 except for item 1, which showed no difference for the whole trial. At the same time, the cervical somatic dysfunction found during the first visit was completely normalized, and the patient's cranial rhythmic impulse was ranked as a normal rate (9 cpm). The patient showed no adverse events in relation to OMT.
Discussion
The results of the PEDI-EAT-10 suggested the effectiveness of OMT in reducing dysphagia symptoms and the aspiration risk in a 40-day-old infant with a diagnosis of oesophageal atresia and TOF repair after thoracoscopic surgery. In fact, at the end of the study, the total score of the PEDI-EAT-10 was above the cut-off of 3, which is considered as no risk of aspiration [31] .
In accordance with neurological evidence, the osteopathic fascial manipulation seems to stimulate the intra-facial mechanoreceptors (Golgi, Pacini, Ruffini and interstitial ones), which are strongly linked to the autonomic nervous system. More specifically, fascial manipulation can generate a proprioceptive input to the central nervous system, thus influencing the tonus of related skeletal motor units and releasing hypertonic tissues [32] . Depending on the effect of the osteopath's touch, millions of motor units can be recruited. Furthermore, the stimulation of interstitial receptors and Ruffini endings could affect the autonomic nervous system, by lowering the sympathetic tonus, changing the local vasodilation and changing the fascial pre-tension, regulated by the smooth muscle cells surrounding fascia [33] .
In addition, thanks to some in vitro studies, it is possible to hypothesize that OMT could have an effect on supporting the tissues surgically treated by thoracoscopic procedures. In fact, since the importance of fibrogenesis in the wound healing process, fascial release was suggested to produce an effect on remodelling of fibroblast morphology and physiology [34] [35] [36] . This thesis is consistent with the need of conservative approaches in treating clinical complications following the OA/TOF surgical repair [7] . Therefore, fascial release [27] and hyoid bone mobilization [16, 17] might have improved the impaired cervical fascial sliding and rib mobility, biomechanically supporting the diaphragmatic respiratory dynamics [37] and cervical spine [38] , thus resolving the cervical somatic dysfunction [39, 40] .
Moreover, it is possible to hypothesize that OMT could have a positive role for what concerns the prevention of OA/TOF-related symptoms, such as gastro-oesophageal reflux disorders and relative respiratory infections [41] , resulting in negative effects on their quality of life [42] [43] [44] .
The limitations of this study include the short-term protocol planned for this patient. Indeed, a proper schedule of many long-term follow-ups would have better supported our knowledge of OA/TOF prognosis in relation to OMT. Therefore, further studies are recommended to support the effectiveness of OMT and its integration into a long-term multidisciplinary approach to paediatric patients with OA/TOF.
Similarly to other studies in the osteopathic paediatric field [45] , this clinical trial supported OMT as a safe therapeutic strategy, because the patient reported no OMT-related adverse events.
In conclusion, OMT seems to be effective in reducing dysphagia symptoms and aspiration risk in a short-term period. To the authors' knowledge, this is the first clinical trial aimed to study the effectiveness of OMT in reducing dysphagia symptoms and aspiration risk.
